Objective: To study the metabolic changes of cerebellum by proton magnetic resonance Spectroscopy ( 1 H-MRS) and discuss the relationships between the cerebellar changes and depression severity in patients with post-stroke depression. Methods and Results: Data of demographic characteristics, individual history and life style of all subjects were collected. 40 patients with stroke and 20 controls were enrolled. All groups received T1WI, T2WI, DWI and 1 H-MRS examination. The cerebral infarction volume and the distribution and severity of leukoaraiosis were evaluated. The ratios of NAA/Cr, Cho/Cr and Cho/NAA in the cerebellum were calculated. There were no statistical significant difference in the NAA/Cr, Cho/Cr and Cho/ NAA ratios in bilateral cerebellum between CONT group and NORM group. The Cho/Cr and Cho/NAA ratios in the cerebellum contralateral to the stroke region were higher in PSD group than those in NORM and CONT groups, and the Cho/Cr and Cho/NAA ratios in the cerebellum ipsilateral to the stroke region were similar with those in NORM and CONT groups. However, there were no statistical significant difference in the NAA/Cr ratios in bilateral cerebellum among three groups. Conclusion: The result shows preliminarily that the cerebellum involves in the development of post-stroke depression.
recovery and daily life of the stroke patients. It has been reported that the incidence of PSD was 28.1% in 2 weeks after stroke attack, 61% within 1 year, even higher (79%) in 2nd year following the stroke [2, 3] . Nevertheless, the clinical efficacy of the current anti-depression agents is relatively limited [4] . Therefore, further investigating the pathogenesis of PSD and formulating the effective prevention measures are full of theoretic and realistic significance.
The pathogenesis of PSD remains largely elusive, the data from studies are contraversial. Traditional opinions suggest that stroke directly damage the neural circuit associated with depression such as the frontal lobes and temporal lobes, etc. However, a meta-analysis of 26 studies by Bhogal et al. showed that the relationship between PSD and infarction area was uncertain, and Altieri et al. found that the onset and severity of PSD were independent of the areas such as frontal lobes and temporal lobes [5, 6] .
Cerebellum is not traditionally regarded as a part that is functionally associated with psychiatry or psychology disorders, while there are a growing evidence indicating that the cerebellum may be functionally involved in the control of cognition, behavior, and psychiatric illness [7] [8] [9] . As the most common psychiatric complication of stroke, PSD is a mental disorder that occurs after the attack of stroke, and usually refractory to conventional medical regimen. The mortality rates are relatively higher and recovery is delayed in the stroke patients with PSD than those without PSD.
1
H-MRS is the only noninvasive molecular imaging method to inspect the change of local brain tissue metabolism at cell level in vivo, which makes it possible to determine the concentration of some neurotransmitters and the metabolism of some substances that could be functionally involved in the pathogenesis of the development of PSD [10] . The local blood flow and metabolism of brain will be altered when people have neural psychiatric activities, leading to a shift of 1 H-MRS signal. In this way, MRS can be used to recognize the early PSD and achieve the purpose of early intervention and improvement of patients' limb and cognition function. Accumulative neuroimaging studies in recent years have showed that the mental disorders such as depression, infantile autism, etc. were associated with cerebellar lesions [11, 12] .
Considering the observation that cerebellum is functionally related to the pathogenesis of mental disorders, and the fact that there is a similar pathogenesis shared between mental illnesses (especially for depression) and PSD, as well as the study showing that activated cerebella significantly alleviates symptom of PSD, we hypothesize that dysfunction of cerebellum may contribute to the development of PSD [13, 14] . In this study, we used the clinical magnetic resonance spectrum imaging technique to quantitatively assess the cerebellar metabolic changes of PSD patients, and analyze its relationship with the severity of depression.
Materials and Methods
Study population selection and grouping Post-stroke depression (PSD) group. The group included 20 inpatients from the Department of Neurology of First Affiliated Hospital of Liaoning Medical University between Mar.2014 to the Sep. 2015. The inclusive time was within 7 days after stroke attack. Inclusion criteria: (1) First-episode ischemic stroke attack limited to unilateral basal ganglia region (left or right), which was proved by Cranial MRI scan at the early onset of stroke and met the diagnostic criteria. (2) Depression was evaluated at day 14 after stroke attack: the results met the diagnostic criteria of depression from the Chinese Classification and Diagnostic Criteria of Mental Disorders (Version 3) (CCMD-3), meanwhile the Self-Rating Depression Scale (SDS) was used for depression screening. Those with standard scores≧50 were included in the PSD group. Using Hamilton Anxiety Rating Scale for Depression (HAMD 24 items) for evaluating the severity of depression, those with scores >7 were definitely included in PSD group, and 8-17 scores were considered mild, 18-24 moderate, and >24 severe. 2) The patients must be accompanied by relatives in 2 weeks before and after the stoke attack. (3) The patients met the exclusion criteria for PSD group, but got a standard score < 50 in SDS test and ≦7 in HAMD test in 14 days after disease onset, through which the depression was excluded.
Normal (NORM) group. 20 healthy volunteers possessing matched age and education degree with the subjects from PSD group. They all had no personal or family history of depression or anxiety, no history of brain trauma or cerebral organic disease, and all were right-handed. Depression was excluded through SDS scale and HAMD scale assessment.
This study was approved by the ethic committee of First Affiliated Hospital of Liaoning Medical University. All the subjects were fully informed and signed the content. There was no statistical deference in gender, age and education time between the CONT group, NORM group and PSD group.
Collection of clinical data
The following information of the subjects were recorded at the first visit: age, gender, family function, education level, occupation, economic condition, health insurance condition, past medical history (hypertension, diabetes, hyperlipidemia, cardiac disease) and previous life style (smoking, alcohol use, exercise, intake of fruit and vegetables). All information was provided by the patient and/or her/his relative. Cranial CT or MRI scan, echocardiography, ECG, carotid artery ultrasound and TCD were performed.
The patients had different classifications: physical work and mental work group based on their occupation; low and not low economic group according to monthly income per person in the family ≤1000 yuan or > 1000 yuan; and non-insured or insured persons [15] . Past medical history was recorded as 'Yes' or 'No'. Hypertension (SBP ≥140mmHg and/or DBP ≥ 90mmHg), diabetes (random blood glucose > 11.1mmol/L) and dyslipidemia (total cholesterol > 5.6mmol/L, total triglyceride >1.7 mmol/L, LDL-C > 3.4mmol/L or HDL-C <0.9mmol/L) were defined as follows: this disease had been diagnosed by the doctor prior to the attack this time, or the corresponding medications had been administered, or it was newly diagnosed during this onset. The cardiac disease was defined as previously or newly diagnosed coronary disease, atrial fibrillation, valvulopathy, or history of pacemaker implantation or cardiac surgery [16] . Previous life style refers to the daily life style before the stroke attack, and smoking, alcohol use, exercise and intake of fruit and vegetables have been widely proved associated with stroke. Wherein, each factor may be healthy or unhealthy. Each unhealthy factor was counted as 1, otherwise 0, and the range of unhealthy factor number was 0 to 4. Smoking was defined as smoking > 1 cigarette per day for over 6 months. Excessive alcohol use is believed if consume > 50ml, 100ml and 300ml of white wine, red wine (or rice wine) and beer per day, respectively. Lack of exercise is considered in case of daily physical exercise time < 0.5h, and inadequate intake of fruits and vegetables was defined as daily intake < 450g [17] .
Methods
Research tool. All the evaluation was done by the same clinically experienced and trained neurological doctor in a double-blind manner.
(1) Evaluation of family function satisfaction: the family APGAR questionnaire was used for evaluation, which was composed of degrees of family fitness, cooperation, growth, affection and intimacy, with a score range of 0 to 10. A total score 7 to 10, 4 to 6, and 0 to 3 represented a good family function, moderate dysfunction and a severe dysfunction, respectively [18] . (2) Evaluation of degree of nervous impairment: the National Institute of Health Stroke Scale (HINSS) was used for evaluation at the beginning of onset and at day 14 after onset. Each dimension score was divided into 3-5 levels with a range from 0 to 42, and a higher score represented a more severe nervous impairments. (3) Evaluation of depression: evaluation was carried out at day 14 after disease onset. SDS was used for depression screening, which was a short-term self-assessment scale, easy to use, and not affected by factors as age, gender and economic condition; therefore it is applied widely and especially suitable for the early identification of depression in general hospital. The assessment of the severity of depression preferred the HAMD scale. The HAMD scale was applied widely and in good reliability. It mainly evaluated the degree of the following items of the subjects: sense of guilty, suicidal ideation, sleep disorder, agitation or delay, somatic symptoms, weight loss, cognitive impairment, etc. (4) Assessment of leukodystrophy: evaluation was performed at day 14 after disease onset. The age related white matter change (ARWMC) scale was one of the most widely used scales in evaluating the location and severity of leukodystrophy, meanwhile, combined with the revision by Xiong,etc, it could be operated more easily [19, 20] . Each cerebral hemisphere was divided into 5 areas, namely, frontal lobe, occipital lobe, temporal lobe, infratentorial area (including the cerebellum and brain stem) and basal ganglia region. Each area was scored individually (0 to 3 scores, 4 levels), and the final score was the sum of the scores for each area of bilateral cerebral hemispheres (0 to 30 scores).
Cranial MRI morphological information collection. The cranial morphological information was collected using 3.0T MRI with general sequences such as T1WI, T2WI and DWI at day 14 after disease attack. The infarction lesion was measured with the semi-automatic method. That is, DWI sequence was used to confirm responsible foci, and the profile of infarction lesion was delineated manually on each layer of DWI sequence, followed by calculating the area, multiplying the interlayer spacing and adding up all the infarcted levels to get the volume of infarction lesion. At last, the volume of infarction lesion was standardized using the following formula: standardized infarction lesion volume = infarction lesion volume × mean cranial median sagittal plane area/the median sagittal plane area of patient, and PACS system was adopted for measurement and calculation [21] . Scanning parameters were listed below: for axial T1WI RTSE, TR=2000ms, TE=20ms, IR=800ms, layer thickness 6mm, spacing 1mm, NSA=1, matrix=400×351 and TSE factor=7; for T2WI DRIVE, TR=3000ms, TE=80ms, layer thickness 6mm, spacing 1mm, NSA=1, matrix=484×377 and TSE factor=15; for FLAIR sequence, TR=11000ms, TE=120ms, IR=2800ms, layer thickness 6mm, spacing 1mm, NSA=1, matrix=240×187, TSE factor=32; for sagittal T2WI TSE, TR=2123ms, TE=80ms , layer thickness 5mm, spacing 1mm, NSA=1, matrix=384×336 and TSE factor=19.
Cerebellar metabolic change observed by the hydrogen proton magnetic resonance spectroscopy ( 1 H-MRS). Scanning was performed at day 14 after disease attack. Routine MRI with TSE sequence was used to exclude the brain lesions. Bilateral medipeduncle were chosen symmetrically on routine MRI T1WI or T2WI images as spectrum region of interests (ROI). Voxel size was 1cm×1cm×1.5cm, and the structures such as skull, adipose, air cavity and cerebrospinal fluid were kept away from. The saturated zone was adopted to eliminate the effect of peripheral tissues on scan results. MRS scan was performed using MRSspecified cranial coil with the Point-Resolved Echo Spin Spectroscopy (PRESS) sequence in the PROBE-SV software package. Curve-fitting, zero padding and Fourier transformation and adjustment of the phase and the baseline were performed using random LEONARDO software automatically. Scan parameters showed TR=1500ms and TE=35ms. Transmission and reception of gain adjustment shimming and anhydrous inhibition scanning were completed automatically. The full width at half maximum of water peak was less than 3-5Hz. By observing metabolite changes, we found that 1 H-MRS of normal brain tissue on different TE showed different types of metabolite, and long TE was chosen in this study. So the measured metabolites were NAA, Cho and Cr, with the corresponding chemical shift was 2.02ppm, 3.22ppm, and 3.02ppm, respectively. The relative concentration change of NAA and Cho metabolite was observed, and the ratio of NAA/Cr, Cho/ Cr and Cho/NAA was calculated. As an energetic metabolite, the concentration of Cr in brain metabolite was the most stable and its quantization was relatively constant under different conditions including the pathological conditions, therefore, it was usually chosen as the reference substance to reflect the change of other metabolites. The relative concentration ratio of NAA/Cr to Cho/Cr could reflect the change of NAA and Cho more objectively. All scanning was done by the same professional doctor of rich experience, recorded in light disk and measured at the same time.
Statistical analysis
Data were expressed as mean ± standard deviation ( s x ± ). SPSS 17.0 Software was adopted for statistical analysis and treatment. Chi-square analysis was used for quantitative data, and one-way ANOVA was employed for qualitative data. t test was used for comparison of means obtained from the two sample. Multiple linear regression analysis was adopted for the factors showing a statistical significance in the oneway ANOVA test. P < 0.05 was considered statistically significant, and all tests were two-sided.
scores of different regions were significant different between the three group (P<0.05). There was no statistical significance of the difference in the side of responsible focus and standardized infarct volume between PSD group and CONT group (P>0.05). See Table 2 .
Comparison of metabolite indicators tested by MRS. This study compared the ipsilateral and contralateral cerebellum of the ischemic cerebral stroke lesion in PSD group and CONT group with the NORM group, respectively. No significant difference was noted in the left and right cerebellar NAA/ Cr, Cho/Cr and Cho/NAA ratio (P > 0.05). The ipsilateral and contralateral cerebellar NAA/Cr, Cho/Cr and Cho/NAA ratio in CONT group was not significantly different from those in NORM group (P > 0.05). Compared with NORM group and CONT group, the difference of the ipsilateral and contralateral cerebellar NAA/Cr ratio in PSD group was not statistically significant (P > 0.05); while the contralateral cerebellar Cho/Cr and Cho/NAA ratio was significantly higher (P < 0.05), and the ipsilateral cerebellar Cho/ Cr and Cho/NAA ratio was not significantly different (P > 0.05). Besides, the contralateral cerebellar Cho/Cr and Cho/NAA ratio was statistically higher than that of the ipsilateral values (P < 0.05). See Table 3 and Figure 1 scores, ARWMC scores, NIHSS scores at day 14 after attack, the ratio of Cho/Cr of the contralateral cerebellum to Cho/NAA, and the dependent variable was HAMD scores. The multiple linear regression analysis showed that the ratio of Cho/Cr of the contralateral =0.308, P<0.05), while the ratio of Cho/NAA of the contralateral cerebellum was positively related with HAMD scores (R=0.597, R 2 =0.356, P<0.05). See the Table 4 and Table 5 .
Discussion
At present, the pathogenesis of PSD is still unclear. Our previous basic studies have proved a significant alteration of the cerebellar structure and function in PSD rat [22, 23] . The MRS technique has been proved to be sensitive in detecting the metabolic change of cerebellum when the structure is intact [24] . The present study is to evaluate whether the PSD patients' cerebellar function (metabolism) change through 
H-MRS technique in clinic.
According to our research results, the contralateral cerebellar Cho/Cr ratio of the lesion in PSD group was significantly higher than that of the control group, which confirmed the Table 4 . Multiple linear regression analysis of depression-related influence factors at the acute phase of ischemic stroke. Note:* P<0.05 Table 5 . Multiple linear regression analysis of depression-related influence factors at the acute phase of ischemic stroke. Note:* P<0.05 alteration of cerebellar metabolism in PSD patients. As one of the components of phospholipid metabolism of cell membrane, Cho can reflect the transporting function of cell membrane and the proliferation state of cells, and is the precursor of acetyl choline, a neurotransmitter which is closely related to emotion, and is the pathophysiological foundation of emotional disturbance. In the present study, the ratio of Cho/Cr was elevated, which suggested that PSD might be related to accelerated phospholipid turnover of cerebellar neural cell membrane and alteration of membrane structure. There is rare report of MRS study about the relation between cerebellum and PSD worldwide. With regard to infantile autism or other psychiatric disorders, some reports showed the cerebellar Cho concentration was significantly elevated compared with the control group [12, 25] , which was similar to ours.
Our study also measured the ratio of cerebellar NAA/Cr, and the results showed no significant difference between PSD group and control group. As NAA is associated with the integrity of neuron and reflects the function state of neuron, it is an ideal marker of undeveloped nerve tissues. From this reason, we concluded that the pathogenesis of acute PSD might be non-neuronal alteration. As shown by An et al., no abnormal alteration of cerebellar NAA concentration was observed in PSD patients [26] . Meanwhile, we measured the bilateral cerebellar Cho/NAA ratio, and the results indicated the contralateral ratio of PSD group was elevated, while the ipsilateral ratio was not statistically different. This indicated that the change of cerebellar Cho relative to NAA level was more significant in PSD patients. Interestingly, we also found that the bilateral cerebellar Cho/Cr, NAA/Cr and Cho/NAA in CONT group were not different from those in NORM group, revealing no metabolic change in the patients without depression after stroke. This further supported our hypothesis, that is, PSD was related to the alteration of cerebellar metabolism.
There is rare report of the cerebellar functional (metabolic) alteration in PSD patients. But in the field of depression, many studies also found the change of cerebellar function in depression patients through functional MRI (fMRI) technique. Besides, many studies have displayed that the cerebellar structure varies, which necessarily leads to the functional changes [11, 27, 28] . Lassalle-Lagadec et al. found significantly decreased volume of PSD patients' cerebellum [28] . Moreover, the magnetic resonance diffusion tensor imaging study about depression also showed obvious abnormality of patients' cerebellar white matter network. Namely, the cerebellar structure has changed [11] .
Besides, we found that in PSD patients, only the contralateral cerebellar Cho/Cr ratio of the lesion changed while the ipsilateral ratio was not different from that in the control group. According to evidence from massive experiments in recent years, crossed cerebellar diaschisis (CCD) (i.e., discontinuation of cortex-cerebellopontine (CPC) pathway caused by various brain injuries) may cause that cortex irritability impulse cannot transmit to the contralateral cerebellum through pons and medipeduncle normally, thus leading to a decrease of blood flow and metabolism of contralateral cerebellum and further inhibiting the function [29] . CPC pathway is composed of the fiber bundles from cortex to the ipsilateral pons and from pons to the contralateral cerebellum [30] . As shown in the study of Strakowski et al., the cortex-subcortex reticular system and limbic system were the brain function center of the affective disorder, and their functional abnormality might be origin of affective disorder [31] . Cerebellum has wide fibrous connections with such regions, among which the most important connection is the CPC pathway [25] . We speculated that the lesions at the basal ganglion regions of PSD patients in our study caused the discontinuation of such pathway to induce CCD, affecting the contralateral cerebellar metabolism and further leading to PSD.
Our study preliminarily proved changes of cerebellar metabolism in PSD patients. Many researches have confirmed that electric stimulation could improve the symptoms of PSD patients [27, 32] . In summary, we speculated that the alteration of cerebellum caused PSD. However, the degree of family function satisfaction, severity of leukodystrophy and neuro function defect at day 14 after disease onset were also shown to be associated with PSD. By further multiple linear regression analysis, a positive correlation was noted between the contralateral cerebellar Cho/Cr with Cho/NAA ratio and HAMD score, but not between the degree of family function satisfaction, severity of leukodystrophy and neuro function defect at day 14 after disease onset and HAMD score. Based on the present study, the degree of cerebellar metabolism variation was correlated with the severity of PSD. Similar studies around the world supported this conclusion, for example, in DTI image study by Peng et al., the abnormality of cerebellar white matter network in refractory depression patients showed a significant correlation with the severity of depression [11] . While Sui et al. also indicated the degree of cerebellar volume decrease was associated with the severity of PSD [23] .
Since the present study had small sample size, and other metabolites during PSD (small molecules such as inositol, glutamic acid) were not determined, some useful information might be missed. Moreover, even though we collected and excluded many PSD-related factors, some unknown factors might still exist.
In summary, the cerebellar metabolism of PSD patients changes after the disease onset (i.e., the cerebellar injury occurred after stroke), and the severity of injury is related to the severity of PSD. The present study preliminarily confirms that cerebellum is involved in the development of PSD, providing a new insight for investigating the pathogenesis of PSD and a new clue for its early prevention.
